The chemical and spectrometric procedures of the U-Pb geochronology method on monazites, recently installed in the LAGIR laboratory, are described in detail. In addition, preliminary results on monazite samples from the Brasília and Ribeira belts are reported and discussed in the context of the regional geology. Several experiments for calibration of ion exchange chromatographic columns with the AG-1x8 resin, were performed with HCl, using dissolved natural monazite samples. The Pb blanks of reagents are ~0.5 pg/g in acids and ~1 pg/g in H 2 O. The total Pb blanks in chemical procedures were below 22 pg. Preliminary results are presented from three case studies related to Brasiliano orogenic belts of SE-Brazil, which correlate very well with previous age determinations from literature: two sub-concordant grains from an Araxá Group quartzite (southern Brasília belt) define a concordia age of 602.6 ±1.4 Ma; a -0.8% discordant grain from a quartzite of the São Fidelis Group (Costeiro Domain, central Ribeira belt) yielded a concordia age of 535.3 ± 2.4 Ma; two 0.4 % and 1.3 % discordant monazite grains from the post-collisional Itaoca Granite (Costeiro Domain, central Ribeira belt) define a concordia age of 476.4 ± 1.8 Ma.
INTRODUCTION
The production of U-Pb geochronology data during the last decade has experienced enormous growth with advances in instrumental diversity and precision. This is particularly true for Brazil, with the introduction of modern instrumentation in several universities, among which are LA-ICPMS (Buhn et al. 2009 , Chemale Jr et al. 2012 and SHRIMP (Sato et al. 2008b ) with configuration for U-Pb geochronology, and Electron Probe applied for the Th-U-Pb chemical method of age calculation (Vlach 2010) .
Also a worldwide phenomenon is the lesser use of ID-TIMS, which may in simple terms be explained by the cost and work intensive nature of http://dx.doi.org/10.1590/0001-3765201420120005 [171] [172] [173] [174] [175] [176] [177] [178] [179] [180] [181] [182] [183] [184] [185] [186] Geologically significant results are presented from metamorphic and igneous rock samples collected in the Ribeira and Brasília Neoproterozoic orogenic belts of southeast Brazil. These new monazite U-Pb ages are discussed in the context of the Neoproterozoic to Eo-Paleozoic assemblage of Gondwana supercontinent.
MONAZITE U-PB GEOCHRONOLOGY
The widespread occurrence in the Earth´s crust and some intrinsic properties make monazite promising for U-Pb systematics (Parrish 1990 ). Monazite crystallizes in a wide variety of igneous rocks and in several progressive metamorphic reactions of medium-to high-grade. It is also very common as a detrital heavy mineral in clastic sedimentary rocks and their low grade metamorphic by-products (Deer et al. 1966) .
Intrinsic properties of this mineral also help to define it as a quality geochronometer. It is a light rare earth phosphate easily soluble in HCl. High contents of U (282-13730 ppm) and Th (~60000 ppm) in monazite greatly reduce the importance in age calculations. With blocking temperature of ~700°C for Pb, monazite is relatively resistant to Pb loss in low-temperature processes. Low diffusion rates allow for the preservation of growth and replacement compositional/isotopic domains, potentially yielding a detailed record of complex geological processes (Heaman and Parrish 1990, Dickin 1995) .
U-Pb analyses of monazite are commonly carried out using TIMS, SHRIMP, Laser Ablation-ICPMS. Microprobe geochronology also yields detailed information on sub-grain age domains based on the Th-U-Pb system (Williams et al. 2007) . TIMS analyses may involve whole single grains or sub-domains that can be obtained either mechanically by cutting/micro-drilling (Hawkins and Bowring 1997) , or chemically using partial solution (Sato et al. 2008a ).
However, monazite may pose several specific difficulties for the U-Pb method. As with other minerals, mixed ages may result from grains with internal chemical/isotopic domains, typically complex in monazite. In these cases, spatial resolution is pursued by selective spot sampling, such as in SHRIMP, LA-ICPMS and electron microprobe. In TIMS, air abrasion, micro-drilling and leaching techniques are common strategies for the reduction of sampling domains.
Another problem that may arise during mass spectrometry is a high 208 Pb peak with a wide "tail" that may overlap the adjacent and much lower 207 Pb peak. This can be overcome by keeping the 208 Pb signal low enough, through loading small amounts of Pb on filament. Reverse age discordance is another common problem in monazite (Heaman and Parrish 1990) , not only in the young (< 200 Ma) ones, in which there may be excess thorogenic 206 Pb, but also in much older samples, requiring explanation by other factors, such as fluid/mineral interactions.
MATERIALS AND METHODS

CHEMICAL PROTOCOLS AND SUB-ROUTINES
In this section the protocols installed are described in detail. The installation and maintenance of the U-Pb geochronology using TIMS depends on parallel sub-routines not directly involved with the analysis of a specific sample (Figure 1 ), such as cleaning of reagents and vessels, determination of analytical blanks and calibration of ion exchange columns for Pb and U extraction. Other procedures related to mass spectrometry are also described below. PA Pb tr = atom weight of tracer; P tr = tracer volume (mL); P s = sample weight (g).
All vessels and bottles used in the U-Pb method are made of Teflon. Before use they are repeatedly cleaned on hot plate following three alternate cycles of H 2 O and HCl 6M at 90°C for 1 day each.
Purification and determination of Pb content (blanks) of reagents
Except for H 3 PO 4 , which is bought supra-pure, the HCl and HNO 3 solutions are distilled in quartz and Teflon sub-boiling distillers. Purification of water involves particle separation using 5 µm, 3 µm and 1 µm filters, then de-ionization with a Millipore ® RiOs-5, and further purification with a Millipore Milli-Q Academic ® system. In order to minimize contamination of reagents during the chemical procedures, all water, acid solution, resin suspension and isotopic tracer are stored in Teflon bottles and dispensed in drops from a capillary Teflon tube of 0.5 mm internal diameter passing through the perforated cap, yielding drops of 10 µL volume. The reported Pb content ("blanks") of reagents expresses the average of three measurements performed according to the following procedure: a) weighing of a clean 7 mL beaker; b) rinsing of beaker with the reagent; c) filling the beaker with the reagent and weight; e) adding 10 µL of the 
Weighing, cleaning and digestion of monazite grains
After manual selection a monazite grain, which ideally should be homogeneous and devoid of inclusions or fractures, its weight is measured with 10-6 g precision before transfer to a 10 mL glass beaker for cleaning procedure. All care must be taken not to lose the grain when discarding the cleaning reagents: U-Pb MONAZITE AGES AT LAGIR-UERJ AND GEOLOGIC APPLICATIONS After cleaning, digestion of the crystal is done in a 3 mL Teflon beaker on hot plate at ~150°C for 3 days, with 10 µL HCl 6M and a proportional mass of a mixed Pb tracer solution (described below). The solution is left to evaporate on hot plate at ~90°C) until the formation of a droplet. In order to feed the ion exchange chromatographic column for extraction of Pb and U, the sample is conditioned with 10 drops (100 µL) of HCl (3M).
Calibration of ion exchange micro-columns for extraction of Pb and U
The separation of U and Pb follows the classic method using the anion resin AG-1x8 and HCl e H 2 O for Pb and U elution, respectively (Parrish 1990 ).
The process of calibration of the ion exchange micro-columns consists of the establishment of what volumes of solution passing through the resin will be collected for Pb and U. The monazite grains used to prepare a calibration solution were picked from a quartzite sample (1042, see results below) that had other monazite grains previously analyzed by ID-TIMS (Valeriano et al. 2004) .
The micro-columns used in LAGIR were handcrafted from a teflon tube by hot air shrinking at the GEOTOP-UQAM (Montréal, Canada), resulting in an internal diameter of 1.8 mm and height of 11 mm, with a small cup above the resin tube.
Once filled with the resin, the column is cleaned by washing three times with alternated HCl 6M and H 2 O. The resin is then conditioned with 16 drops (160 µL) of HCl 3N. The sample is conditioned by adding to its beaker 10 drops (100 µL) of HCl 3M, before transfer to the column. In order to force the sample solution down the resin column, 1+1+1+10 drops (130 µL) of HCl 3M are successively added.
In order to determine the best volume aliquots for extraction of Pb and U, three calibration curves of relative concentration of Pb and U versus volume aliquot were constructed, following the procedure detailed below: The analytical signal of U and Pb in each aliquot, expressed in counts per second (cps), was measured by TIMS and ICPMS to be used as a proxy for the concentration of these elements in the solution after passing through the resin.
Two of the calibration experiments were carried out with the TIMS, loading the sample onto a double filament mount. The intensity of 208 Pb was measured first with the sample filament at 1250°C (ionization filament off). For measurement of 235 U intensity, the sample filament and the ionization filament are set with currents of 2.4 A and 4.5 A respectively ( Figure 2a) . A third calibration curve was constructed using signals measured by an ICPMS (Figure 2b ). The intensity for 15 rare earth elements and isotopes of U and Pb in this experiment is below: For both TIMS and ICPMS measurements, two columns were used.
Based on these calibration experiments, two different procedures were tested: in the first one (Series U-Pb 01), Pb was collected from aliquot 02 on, and in the other one (Series U-Pb 02), Pb was collected from aliquot 04 on, which was the preferred one because it avoided collecting high amounts of Ce, observed in Figure 2b . The adopted protocol is presented below:
Measurement of Pb and U isotope composition of spiked samples
The measurement of isotope ratios in LAGIR is performed with the TRITON thermal ionization multicollector mass spectrometer. A minimum of 100 cycles for recording the Pb and U isotope is measured.
Lead and Uranium are loaded onto the same Rhenium filament, which must be previously degassed by means of current heating under vacuum. A mixture of silica gel (2µL), H 3 PO 4 1N (1µL) and the sample can be blended together and transferred to the filament or they can be loaded successively. The loaded filament is then dried out with a current of 1.5A until formation and cessation U-Pb MONAZITE AGES AT LAGIR-UERJ AND GEOLOGIC APPLICATIONS of fumes. Final drying is reached slowly elevating the current to ~2.5A until filament starts to glow during ~3 seconds.
In order to analyze U in metallic form, a double filament assembly was used for this element only. Thus, Pb isotopes are measured first in single fila ment mode by keeping the ionization filament off. The sample filament was set from 1250°C to 1350°C, corresponding to currents of ~2.5 A-2.8 A. The isotope ratios are acquired in static mode, with 204 Pb measured with an ion-counter located at the low mass side, and the other 205 Pb (tracer), 206 Pb, 207 Pb, 208 Pb masses with Faraday cups.
Isotopic measurements of U are carried out with a current of 4.0 A to 4.2 A in the ionization filament and of 2.0 A in the evaporation (sample) filament. The 235 U/ 238 U isotope ratio is measured by peak jumping using a Secondary Electron Multiplier (SEM) collector.
Mass fractionation and isotopic characterization of blanks and tracer
Before the measured isotope ratios are used for the calculation of ages, they must be corrected for instrumental mass fractionation and for the U and Pb contents and isotope spectrum in the tracer used and in the laboratory blanks. First results from three different case studies are presented below, followed by discussion of their geological significance in the context of previous specific or regional data. The monazites analyzed were picked samples belonging to different tectonic contexts: a) a quartzite sample from the southern Brasília belt, of which monazites had previously been dated by ID-TIMS U-Pb; b) a quartzite sample from the central Ribeira belt; and c) a post-collisional leucogranite that intruded the latter belt.
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The Brasília and Ribeira orogenic belts are first order tectonic features in southeast Brazil and are distributed around the southernmost extents of the São Francisco craton (Figure 3) . The orogenic processes involved in these Brasiliano-Panafrican belts and intervening cratonic blocks evolved in the context of the assembly of supercontinent Gondwana (Cordani et al. 2003 , Fuck et al. 2008 . The long-lived supercontinent collage involved a diachronic succession of accretionary and collisional events during most of the Neoproterozoic, and started with the formation of the earliest magmatic arcs in the Tonian. Major continent and arc-collision events took place during the Cryogenian and Ediacaran. These were followed by a post-collisional transition phase during the Cambrian and Ordovician. The stability of platform conditions, with the installation of extensive intracratonic sag-type sedimentary basins was reached only during the Silurian. 
Geologic context of the Southern Brasília belt
The southern Brasília belt (Dardenne 2000 ) comprises thrust stacking of metamorphic nappes over a foreland thrustfold belt of low to medium grade metasedimentary rocks of the Neoproterozoic passive margin of western São Francisco paleocontinent. The thrust stacking was caused by the east-vergent accretion of terranes such as the southern portion of the Goiás Magmatic Arc and the Paranapanema craton. The latter block is located farther west, but presently U-Pb MONAZITE AGES AT LAGIR-UERJ AND GEOLOGIC APPLICATIONS is completely covered by the Phanerozoic Paraná basin (Mantovani and Brito Neves 2005) .
Subduction of distal passive margin subjected the Araxá Group metasediments and associated mafic rocks to medium-high-pressure metamorphism at ~640 Ma. Arc-continent collision and nappe exhumation took place between 620-605 Ma, indicated by U-Pb ages on monazites (Valeriano et al. 2004 ). Cooling below 250-300°C took place at ~600-580 Ma, as indicated by K-Ar ages of micas .
Sample description, results and discussion
Two first monazite grains were picked from sample 1042 (WGS84 coordinates 20.500815°S, 46.812173°W), a quartzite from which monazites had previously been analyzed using ID-TIMS (Valeriano et al. 2004 ). The sample consists of a coarse-grained quartzite intercalated within paragneisses of the top units of the Araxá Group, in the Passos Nappe (SW Minas Gerais State), where metamorphic conditions reached the transition of amphibolite to granulite facies.
Grains 1042-B and 1042-I are respectively -0.6% and 0.5% discordant, defining together a concordia age of 602.6 ±1.4 Ma (Figure 4 ). This age is in accordance with 603.7 ± 1.3 Ma, the concordia age of grain 1042-5 of Valeriano et al. (2004 
Geologic context of central Ribeira belt
The central Ribeira belt in southeast Brazil resulted from the convergence between the São Francisco/ Congo, Angola and minor lithospheric plates such as the Paraíba do Sul/Embú, Curitiba and Cabo Frio, during Neoproterozoic to Cambrian times ). The tectonic organization of the belt is defined by tectono-stratigraphic terranes showing imbrications towards NW onto the southernmost border of the former São Francisco paleocontinent (Occidental Terrane), each one with its particular range of metamorphic ages: the Paraíba do SulEmbú (620-600 Ma), the Oriental (605-560 Ma) and the Cabo Frio terranes (535-510 Ma). The first two collision episodes were highly oblique resulting in partitioning of deformation between areas with a thrust-belt style separated by sub-vertical dextral shear zones. A final episode of tectonic collapse at ca. 510-480 Ma marks the transition to a stable platform in the Eo-Paleozoic (Machado et al. 1996 , Schmitt et al. 2004 .
The Oriental Terrane is the only tectonic unit containing magmatic arc related rocks, intruding metasedimentary units represented by paragneisses and associated quartzites and carbonatic rocks. 
São Fidelis group paragneisses and intercalated quartzites: sampling and results
The Costeiro Domain, one of the three thrustsheets that make up the Oriental Terrane, is largely represented by the São Fidelis Group, a metasedimentary unit of high metamorphic grade. It consists of a basal unit of kinzigitic paragneisses and a top unit of sillimanite garnet biotite paragneisses containing quartzite and calc-silicate intercalations (Heilbron 2012) .
Three outcrops were sampled from a NE-trending unit of banded (sillimanite) The quartzites are coarse grained and occur as discontinuous layers with thickness varying from centimetric to decametric, showing graded contacts with the enclosing pelitic to psammopelitic paragneisses. In more expressive strata, a conspicuous sedimentary layering is observed, with a wide range in contents of biotite, muscovite, feldspar and sillimanite.
The selected monazite grains display yellow to pale yellow color, are idiomorphic and transparent, free of inclusions or fractures. They were handpicked from heavy-mineral concentrates, with abundant zircon, ilmenite, rutile and apatite.
The monazite grain from quartzite sample SM-MB-15 is -0.8% discordant at 535.3 ± 2.4 Ma (Figure 5 ), which is consistent with the accepted age for the M2 regional metamorphic event (Machado et al. 1996, Heilbron and Machado 2003) , related to docking of the Cabo Frio terrane in Cambrian times (Schmitt et al. 2004 ). Monazite from quartzite sample SM-MB-09 is more discordant (4.6%), but yielding a coinciding 206 Pb/ 238 U age of 533 Ma. Sample SM-MB-02 from the paragneiss sample is 22% discordant with a 206 Pb/ 238 U age of 553 Ma that has no evident geologic significance. 
The post-collisional Itaoca Granite: sampling and results
The Itaoca granite is an intrusive body with ~5 km diameter intruded within the São Fidelis Group paragneisses of the Oriental Terrane. It forms an outstanding rocky hill almost 400 m high located 14 km southwest of the Campos dos Goytacazes town.
A sample of the Itaoca Granite weighing ~10 kg was collected at site LAC-03, a small quarry at coordinates 21.821143°S and 41.455348°W. The outcrop is represented by the typical medium to coarse-grained porphyritic facies of leucocratic U-Pb MONAZITE AGES AT LAGIR-UERJ AND GEOLOGIC APPLICATIONS monzogranite, containing discoid biotite-rich enclaves oriented parallel to a conspicuous magmatic flow foliation.
Seven out of the eight analyzed monazites yielded Ordovician 206 Pb/ 238 U ages between 412
Ma and 478 Ma, with discordance of up to 7% (Tables I and II) . Grains H and L are respectively 99.6% and 98.7% concordant (Figure 6 ). Together, they define a concordia age of 476.4 ± 1.8 Ma interpreted as the best estimate for the crystallization of the Itaoca granite (Figure 6a ). These two grains along with more discordant grains T and N, define a discordia line with lower intercept of 475.6 ± 4.3 Ma, in the inverse (Tera and Wasserburg 1972) diagram (Figure 6b) .
Previous U-Pb ages from a variety of other postcollisional granites of the states of Rio de Janeiro and Espirito Santo, reveal two main pulses of granite generation, at ~511 Ma and ~485 Ma . The reported age of ~476 Ma for the Itaoca Granite, is pertinent to the second pulse of postcollisional granites in central Ribeira belt. (Figure 6c ), which is broadly coincident with the main regional M1 metamorphic episode of the central Ribeira belt (Machado et al. 1996) . Three other discordant grains (B, C, E), along with the latter (J) grain, define a discordia line with an upper intercept of 628 ± 68 Ma (Figure 6d ), which point to the age range of the pre-collisional granitoid rocks of the Rio Negro Magmatic Arc .
CONCLUSIONS
A wide variety of analytical protocols were installed, including those directly and indirectly related to the actual analysis of a sample. Among the former are weighing, cleaning and digestion of selected grain, chemical extraction of Pb and U, loading onto filaments and mass spectrometric analysis. Among the latter procedures are the purification of acids and water, cleaning of used vessels and vials, preparation and calibration of solutions, determination of reagent and total blanks, calibration of ion exchange columns for the extraction of Pb and U, establishment of mass fractionation, cup configuration and other mass spectrometry parameters, and analysis of reference materials. The cleanliness of the facilities, lab ware and chemical procedures in LAGIR is expressed by the low levels of Pb blanks in reagents, ~0.5 pg/g in acids and ~1 pg/g in H 2 O, and below 22 pg Pb for the total chemical procedure.
However subjected by the restrictions of having used whole monazite grains, and regardless of any degree of internal heterogeneity, the preliminary results presented here are geologically meaningful. The new data either exactly matches pre-existing ones, as was in the case of the Araxá Group (1042) quartzite sample, or they make geological sense when integrated to the geochronology database of regional tectonic processes related to the formation of the Gondwana supercontinent.
Better precision and accuracy in the future is expected with improving spatial resolution either through micro-drilling or progressive leaching techniques. Palavras-chave: Gondwana, Brasiliano, espectrometria de massas por diluição isotópica, U-Pb, monazita.
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